
f£ (Amended) A method as claimed in Claim 1 wherein an electroplating waveform 
is used, at least in part, t<j ensure the sufficiently small copper grain size generation within the 
recessed microstructures. 

(Amended) A method as claimed in Claim 1 wherein an electroplating solution 
additive is used, at least in jbart, to ensure the sufficiently small copper grain size generation 
within the recessed microstructures. 

K (Amended) A r^ethod for filling recessed microstructures at a surface of a 

semiconductor workpiece with cdpper metal comprising: 

depositing copper into the recessed microstructures using an electrochemical process 
generating copper grains that are\ sufficiently small so as to substantially fill the recessed 
microstructures; and 

subjecting the surface of the Semiconductor workpiece and the deposited copper to an 
elevated temperature annealing process at a temperature at or below about 250 degrees Celsius 



t- 



for a time period that is sufficient to increase the grain size of the deposited copper. 

\ ^ 

^) * X' (Amended) A method as Claimed in Claim^wherein an electroplating waveform 
is used, at least in part, to ensure the sufficiently small metal^|rain size. 

(Amended) A method as clkimed in Claim^ wherein an electroplating solution 



additive is used, at least in part, to ensure ^insufficiently small metal grain size. 

yd. (Amended) A method for filing recessed microstructures at a surface of a 
semiconductor workpiece, the workpiece including at least one low-K dielectric layer, with 
copper metal comprising: 

depositing copper into the recessed microstructures using an electrochemical process 
generating copper grains that are sufficiently snr^ll so as to substantially fill the recessed 
microstructures; and 
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subjecting the surface of the semiconductor workpiece with the deposited copper to an 
elevated temperature annealing process at a temperature selected to be below a predetermined 
temperature at which the low-K dielectric layer would suffer substantial degradation. 

y(. (Amended) A method for filling recessed microstructures at a surface of a 
semiconductor workpiecb with copper metal comprising: 

providing a semiconductor workpiece with a feature that is to be connected with copper 
metallization; 

applying at least Vme low-K dielectric layer over a surface of the semiconductor 
workpiece including the feature; 

providing recessed microstructures in the at least one dielectric layer; 

preparing a surface oil the workpiece including the recessed microstructures with a metal 
seed layer for subsequent electrochemical copper deposition; 

electrochemically depositing a copper layer onto the surface of the workpiece using a 
process that generates copper grains that are sufficiently small to substantially fill the recessed 
microstructures; 

annealing the electrochekiically deposited copper layer at an elevated temperature 
selected to be below a predetermined temperature at which time the low-K dielectric layer would 
substantially degrade for a predetermined period of time; and 

removing copper metallization from the surface of the workpiece except from the 
recessed microstructures, after the annealing of the copper. 

Q\ , yt. A method a\ claimed in Claim wherein the predetermined period is greater 
than about 20 hours. ^ 

^ (Amended) A method as claimed in Claim y( wherein the step of preparing a 

surface of the workpiece composes: 
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applying at least ome barrier layer over the dielectric layer; and 
applying a metal seed layer over the barrier layer. 
\|,^4. A method aa claimed in Claim }$ wherein the step of applying the seed layer is 
defined by applying the seed Mayer using a chemical vapor deposition process. 

|^,^J/5. A method as claimed in Claim jo wherein the step of applying the seed layer is 
defined by applying the seed layer using a physical vapor deposition process. 

ft }6. (Amended) A method as claimed in Claim >f wherein the step of preparing a 



surface of the workpiece comprises: 



applying at least one adhesion layer over the dielectric layer; and 
applying a metal seed layer over the adhesion layer. 
\^ yf. A method as claimed in Claim ^ wherein the step of removing the copper 
metallization is defined by removing the copper metallization using a chemical mechanical 
polish technique. \ 

(Amended) A method for filling recessed microstructures at a surface of a 
semiconductor workpiece with copper metal comprising: 

providing a semiconductor workpiece with a feature that is to be connected with copper 
metallization; 

\ 

applying at least one dielectric layer over a surface of the semiconductor workpiece 
including the feature; \ 

providing recessed microstructures in the at least one dielectric layer; 

preparing a surface of the workpiece, including the recessed microstructures, with a seed 
layer for subsequent electrochemical copper deposition; 
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electrochemicalM depositing a copper layer onto the surface of the workpiece using a 
process generating coppejr grains that are sufficiently small to substantially fill the recessed 
microstructures; and 

subjecting the elect&ochemically deposited copper layer to an annealing process at a 
temperature at or below abou||; 250 to 300 degrees Celsius to increase the copper grain size. 

]6. A method as daimed in Claim ^4 wherein the step of preparing a surface of the 
workpiece comprises: 

applying at least one adhesion layer over the dielectric layer; and 
applying a seed layer over the adhesion layer. 
yK5. A method as claimed in Claim ^4wherein the step of preparing a surface of the 
workpiece comprises: 

applying at least one barridr layer over the dielectric layer; and 
applying a seed layer over the barrier layer. 
^ • A method as claimed in Claim ^ wherein the step of applying the seed layer is 

defined by applying the seed layer using a chemical vapor deposition process. 

A method as claimed \n Claim ^6 wherein the step of applying the seed layer is 
defined by applying the seed layer using a physical vapor deposition process. 

* 29. A method as claimed in Claim^M wherein the step of removing the copper 
metallization is defined by removing tlje copper metallization using a chemical mechanical 
polish technique. 

^S* JXf. (Amended) A method forYfilling recessed microstructures at a surface of a 
semiconductor workpiece with copper metal comprising: 

providing a semiconductor workpiece\with a feature that is to be connected with copper 
metallization; 
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applying at leafet one low-K dielectric layer over a surface of the semiconductor 
workpiece including the feature; 

providing recessed microstructures in the at least one low-K dielectric layer; 

preparing a surface W the workpiece, including the recessed microstructures, with a 
barrier layer for subsequent electrochemical copper deposition; 

electrochemically depositing a copper layer to the surface of the workpiece using a 
process that generates copper grains having a size sufficiently small to substantially fill the 
recessed microstructures; and 

subjecting the electrochemically deposited copper layer to an annealing process at a 
temperature below which the low-K dielectric layer substantially degrades. 

/\ . A method as claimed ii* Claim wherein the annealing step takes place at a 
temperature corresponding to a baking temperature of the low-K dielectric. 
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